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© Coupler for a laser delivery system. 



© A coupler (30) for use with a medical laser 
delivery system having an articulated arm and 
an endoscope (42) connects the arm to the 
endoscope (42). The coupler (30) includes an 
axially extending tube (46) receivable in the 
bore (48) of the endoscope (42). The tube (46) 
facilitates alignment of the coupler (30) with the 
endoscope (42). The coupler (30) has a tele- 
scope optical system (50,52) for adjusting the 
diameter of the laser beam at the entrance to 
the endoscope (42) to reduce clipping of the 
beam, thereby enhancing transmission of 
power from the laser to the intended target 
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Technical Field 

A coupler is disclosed particularly suited for use 
in surgical laser beam delivery systems. The coupler 
is configured to improve the efficiency of the transmis- 
sion of the laser beam through the delivery system. 

Background of the Invention 

The use of lasers in various medical procedures 
is becoming quite common. The type of device used 
to deliver the laser energy from the laser to the treat- 
ment site is primarily dependant upon the wavelength 
of light generated. For example, 1.06 micron radiation 
generated by a Nd:YAG laser is typically delivered by 
an optical fiber formed from a silica compound. In con- 
trast, 10.6 micron radiation generated by a C0 2 laser 
is typically delivered through an articulated arm as- 
sembly since presently existing optical fibers will not 
efficiently transmit such longer wavelength radiation. 

The present invention is intended for use with an 
articulated arm. The arm consists of a number of hoi- 
low segments connected by rotatable joints. Mirrors 
are located in each of the joints to redirect the laser 
beam down the next segment of the arm. One end of 
the arm is connected to the output of the laser while 
the other end carries a delivery element. 

The delivery element is selected based on the 
type of medical procedure which is to be performed. 
A common delivery element is an endoscope 10 
which is illustrated in cross section in Figure 1. The 
endoscope in Figure 1 is of the type that might be used 
in a laparoscopy and is often referred to as a laparo- 
scope. 

As seen in Figure 1, the laparoscope body will 
typically have a number of axially extending bores 12, 
14, 16 and 18. The laser beam may be directed 
through bore 12. Bore 14 may be used for optical feed- 
back so the surgeon can view the tissue site. The two 
smaller bores 1 6 and 1 8 can be used to deliver illumin- 
ation via fiber optic bundles to the treatment site. 

In the prior art, a coupler is used to join the end 
of the articulated arm to the entrance of the endo- 
scope. In the present commercial environment, a 
number of medical device companies manufacture 
and sell endoscopes each of which have slightly dif- 
ferent entrance end configurations. For each different 
endoscope design, there exists a coupler with a com- 
plimentary mating design. 

While there exists a wide variety of prior art cou- 
pler designs,, all of the existing designs have a few 
common features. For example, the coupler is typical- 
ly provided with a conically shaped male mating end 
which is received in a conically shaped female mating 
configuration formed at the entrance of the endo- 
scope. The mating conical configurations allow the 
two pieces to be adjusted when mounted. The align- 
ment of the system relies heavily on the accuracy of 
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the mating cones. 

Unfortunately, the latter mounting approach has 
been less than satisfactory. More particularly, the pri- 
or approach required the doctor to adjust and test the 

5 alignment of the beam each time a new endoscope 
was attached. Since a new sterile endoscope is used 
for each new surgical procedure, the doctor must re- 
peatedly adjust the alignment of the system. More sig- 
nificantly, even if the doctor is able to initially align the 

w beam, the continuous movement of the articulated 
arm during the surgical procedure often results in the 
alignment being lost. If the alignment is lost, the per- 
centage of the beam power transmitted down the en- 
doscope is adversely affected. Moreover, misalign- 

15 ment of the components affects beam shape and size. 
Accordingly, it would be desirable to provide an im- 
proved coupler which could provide accurate and sta- 
ble alignment of the mating components. 

Another common feature of prior art couplers was 

20 the inclusion of a single, positive focusing lens. The 
lens was used to focus the beam entering the coupler 
from the articulated arm into the endoscope. The pow- 
er of the lens was designed to bring the beam to a fo- 
cus just beyond the distal end of the endoscope. 

25 The latter design has been used quite successful- 

ly with endoscopes wherein the diameter of the bore 
was quite large. When the bore diameter is large, a 
high percentage of the beam can be injected down the 
endoscope. Recently, there has been a trend to de- 

30 velop endoscopes with smaller outer diameters and 
associated smaller axial bores. As can be appreciat- 
ed, doctors prefer smaller diameter endoscopes be- 
cause they are easier to handle and the associated in- 
cisions can be made smaller. There has also been a 

35 trend to develop endoscopes wherein the diameter of 
the bore used to transmit the laser beam is reduced 
while increasing the diameter of the bore of the view- 
ing channel to improve visibility at the treatment site. 
When the diameter of the axial bore for transmit- 

40 ting laser radiation is reduced for either of the above 
discussed reasons, problems have arisen with the 
coupling of the laser beam into the endoscope. Figure 
2 illustrates the problem. As can be seen, when the fo- 
cal power of the lens 20 is selected to bring the focus 

45 of the beam 22 near the end 24 of the endoscope 26, 
the diameter D t of the beam at the entrance 28 will be 
significantly larger than the diameter D 2 of the endo- 
scope bore. This disparity results in severe clipping of 
the beam at the entrance reducing the power injected 

so into the endoscope. 

A further complication arises as the articulated 
arm is moved during the procedure. As the arm 
moves, the level of clipping is varied and the delivered 
power continuously changes. In addition, the beam is 

55 distorted as it reflects off the bore. This distortion 
causes an irregular shape bum that constantly 
changes with arm movement. Accordingly, it would be 
desireable to provide an improved coupler which 
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overcame these problems. 

Accordingly, it is an object of the subject invention 
to provide a new and improved coupler for use with 
medical laser delivery systems. 

It is another object of the subject invention to pro- 
vide a coupler configured to improve the alignment 
with the endoscope. 

It is a further object of the subject invention to pro- 
vide a coupler having an axially projecting alignment 
tube, receivable within the bore of the endoscope for 
improving alignment. 

It is still another object of the subject invention to 
provide a coupler having an improved focusing sys- 
tem. 

It is still a further object of the subject invention to 
provide a coupler with a telescope Focusing system 
for reducing the clipping of the beam entering the en- 
doscope. 

Summary of the Invention 

In accordance with these and many other objects 
the subject invention provides for a coupler for use in 
a medical laser system. The laser system is of the 
type that includes a laser for generating a beam of ra- 
diation. A delivery system is connected to the laser for 
delivering the beam to the treatment site. The delivery 
system includes an articulated arm and an endo- 
scope. A coupler is provided for connecting the arm 
to the endoscope. 

In accordance with the subject invention, the cou- 
pler is provided with an axially projecting tube which 
is receivable in the bore of the endoscope. The tube 
allows the position of the coupler to be registered with 
respect to the inner surface of the bore. By this ar- 
rangement, there is no need to independently adjust 
the alignment In addition, the alignment will not drift 
due to the movement of the articulated arm during the 
surgical procedure. 

In one embodiment the tube extends substantial- 
ly the length of the bore. In another embodiment, the 
tube is shorter and is provided with an adjustment fea- 
ture to facilitate use with bores of slightly different di- 
ameters. In a further embodiment, an elastomeric ring 
is interposed between the coupler and the end of the 
endoscope so that registration is independent of the 
accuracy of the fabrication of the entrance configura- 
tion of the endoscope and relies entirely on the inter- 
^iojibeM^ejoibeJub^^ 

In another feature of the subject coupler, an im- 
proved focusing mechanism is provided. More specif- 
ically, a two element telescope is provided. The focal 
powers and positions of the elements are selected so 
that the diameter of the beam at the entrance of the 
endoscope is less than the diameter of the bore. In ad- 
dition, the focal plane of the beam is located just be- 
yond the distal end of the endoscope. By using this 
approach, the clipping problems of the prior art are 



avoided and more beam power will be transmitted 
down the endoscope. 

Further objects and advantages will become ap- 
parent from the following detailed description taken in 
5 conjunction with the drawings in which: 

Brief Description of the Drawings 

Figure 1 is a cross sectional view of a convention- 
10 al endoscope found in the prior art. 

Figure 2 is a schematic illustration of a coupler 
lens and an endoscope found in the prior art. 

Figure 3a is a schematic illustration of a coupler 
formed in accordance with the subject invention 
is shown in conjunction with an endoscope. 

Figure 3b is a schematic illustration of an alter- 
nate lens pair for use in the coupler shown in Figure 
3a. 

Figure 4a is a schematic illustration of an alter- 
20 nate embodiment of a coupler formed in accordance 
with the subject invention shown in conjunction with 
an endoscope. 

Figure 4b is a schematic illustration of an alter- 
nate mirror pair for use in the coupler shown in Figure 
25 4a. 

Figure 5 is a cross sectional view of a third em- 
bodiment of a coupler formed in accordance with the 
subject invention shown in conjunction with an endo- 
scope. 

30 Figure 6 is an exploded perspective view of the 

adapter flange of the coupler illustrated in Figure 5. 
Figure 7 is a schematic illustration of the mating 

end of the subject coupler for use with an endoscope 

having a conical female mating end. 
35 Figure 8 is a schematic illustration of the mating 

end of the subject coupler for use with an endoscope 

having a conical male mating end. 

Figure 9 is a schematic illustration of an alternate 

embodiment of the coupler of the subject invention 
40 shown with an endoscope having a conical female 

end. 

Figure 10 is a perspective view of the coupler 
shown in Figure 9. 

45 Detailed Description of the Preferred Embodiments 

Referring to Figure 3a, there is illustrated a cou- 
pler 30 formed in accordance with the subject inven- 

tiorL-Coupler-30-incUides a . b ody-32 ,-one.e nd-34-of- 

50 which is connectable to an articulated arm (not 
shown). The opposed end 36 includes an adapter 
flange 38. Adapter flange 38 is configured to mate 
with the entrance end 40 of endoscope 42. As noted 
above, there are many manufacturers of endoscopes 
55 each using a different mating structure. The configur- 
ation of the distal end 44 of the flange 38 and the use 
of coupling nuts (if required) is dictated by the endo- 
scope manufacturer and will be discussed in more de- 

3 
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tail below with respect to Figures 7 and 8. 

In accordance with the subject invention, the dis- 
tal end 44 of flange 38 is additionally provided with an 
axially projecting tube 46. Tube 46 is receivable in the 
bore 48 of the endoscope 40. In the embodiment illu- 
strated in Figure 3a, tube 46 extends substantially the 
length of the endoscope. The outer diameter of the 
tube is configured to be slightly less than the inner di- 
ameter of the endoscope. The minimum clearance 
should be about .001 inches so that the tube 46 can 
be easily slid into the bore. 

As can be appreciated, the use of tube 46 results 
in the alignment of the coupler being registered exact- 
ly with the inner surface of the bore of the endoscope. 
By this arrangement, no adjustment is necessary 
when the endoscope is mounted to the coupler. In ad- 
dition, the alignment will be maintained throughout the 
procedure. 

Figure 3a also illustrates the new focusing system 
of the subject coupler. The focusing system includes 
a first positive lens 50 for focusing the incoming laser 
beam. A second, negative lens 52 is provided down- 
stream from the positive lens. The lens pair functions 
as a telescope to place the focus of the beam just be- 
yond the distal end 54 of the endoscope. More signif- 
icantly, the lens pair also adjusts the diameter of the 
beam at the entrance to the endoscope. In the prefer- 
red embodiment, the diameter of the beam at the en- 
doscope entrance is less than the diameter of the bore 
so that clipping of the beam is avoided even where the 
diameter of the bore is quite small. 

The position of the lens pair can be fixed within 
the coupler. Alternatively, a means could be provided 
for adjusting the spacing between the lens pair so that 
spot size at the end of the endoscope could be varied. 

Figure 3b illustrates an alternative lens pair that 
is optically equivalent to the pair shown in Figure 3a. 
In Figure 3b, both of the lenses 56 and 58 are positive 
elements. 

Figures 4a and 4b illustrate alternate embodi- 
ments of the subject coupler 60. In these embodi- 
ments, the focusing elements are defined by curved 
mirrors. In Figure 4a, both of the mirrors 62 and 64 are 
positive elements. In Figure 4b, the first mirror 66 is a 
positive element and the second mirror 68 is a nega- 
tive element. 

Figure 5 is cross sectional view of a coupler 70 
formed in accordance with the subject invention that 
has been fabricated and tested. The main body 72 of 
the coupler is configured to house and support the 
positive and negative lenses 74 and 76. Each lens is 
mounted in a lens cell 78 and 80. Each lens is mount- 
ed by inserting the associated lens celt into the body 
72. Set screws 82 are used to lock the cells in place 
and permit some lateral alignment of the lenses. 

Both of the lenses 74 and 76 are formed from zinc 
selenide which is transmissive to both visible and CO z 
radiation. The first lens 74 is provided with a focal 



length of 75mm. The second lens is provided with a 
focal length of -50mm and is spaced from the positive 
iens a distance of 30mm. The negative lens is also 
spaced from the entrance end of the endoscope 94 by 

5 50mm. The endoscope 94 is 350mm long. 

The diameter of the incoming beam from the ar- 
ticulated arm is on the order of 8mm. This diameter is 
reduced to about 4.8mm in the plane of lens 76. The 
diameter of the beam at the entrance to the endo- 

10 scope is on the order of 4.28mm which is significantly 
less than the 5mm of the bore 96. 

It is desirable to allow some margin of error be- 
tween the diameter of the aligned beam and the inner 
diameter of the bore since the position of the beam en- 

15 tering the coupler can vary depending on the extent 
of angular and positional errors (run-out) induced by 
the movement of the articulated arm. Good design of 
the articulated arm can minimize run-out errors. Exist- 
ing arms manufactured by the assignee herein are 

20 specified to have a positional run-out limited to 2mm 
and an angular run-out limited to 3 milliradians. It is 
anticipated that the beam entering the coupler should 
not exceed the limits of a 10mm error circle. In this 
case, the subject lens system should allow nearly all 

25 of the beam to be injected into the bore of the endo- 
scope. 

The lens system will create a focal plane at the 
distal end of the endoscope approximately 350mm 
away from the negative lens 76. The diameter of the 

30 beam at this location will be approximately 1.5mm. 

Figures 5 and 6 illustrate an alternative form for 
the flange 102 and alignment tube 104. As can be 
seen, tube 104 extends only a short distance, approx- 
imately 50mm, down the length of the 350mm bore of 

35 the endoscope. This configuration should be easier to 
fabricate and assemble. This configuration is also de- 
signed to be used with a variety of slightly different 
size bores. 

To achieve this goal, the end of the tube 104 is 

40 provided with a radially projecting annulus 106. The 
diameter of the annul us 106 can be slightly larger than 
the inner diameter of the bore 96 of the endoscope. 
The annulus 106 is provided with a plurality of axially 
extending slots 108. Each slot 108 is about 0.200 in- 

45 ches long and 0.025 inches wide. The slots 108 allow 
for some compression of the tube into bores-of slight- 
ly smaller diameter. This compression fit should en- 
hance stability and help maintain alignment A coupler 
nut 110 is provided to connect the flange 102 to the 

50 body 72. 

Figure 7 and 8 are two alternate configurations for 
the mating end of the subject coupler designed to in- 
terface with the mating ends of existing endoscopes. 
As noted above, in the prior art, the mating configur- 

55 ations were typically conical, the accuracy of these 
assemblies was dependent on the accuracy of the 
cones. These problems are overcome with the subject 
design. 
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Figure 7 illustrates an endoscope 1 20 having a fe- 
male mating cone 122. The mating end 124 of the 
flange of the subject coupler is provided with a sphe- 
rical surface that centers itself in the female cone 122 
independent of the accuracy of the angle of the female 
cone. Angular alignment of the coupler is then guar- 
anteed by the axially extending tube 126 which pro- 
jects into and registers with the bore 128 of the endo- 
scope. 

Figure 8 illustrates an endoscope 130 having a 
male mating cone 1 32. The mating end 1 34 of the sub- 
ject coupler is provided with a torroidal surface. As in 
the Figure 7 embodiment, the torroidal surface cen- 
ters on the male cone with alignment being provided 
by the axially extending tube 136. 

As noted above there is a significant lack of ac- 
curacy in the manufacture of the prior art endoscopes. 
The approach shown in Figures 7 and 8 is intended 
to overcome variations in the angle of the conical sur- 
face provided at the entrance end of the endoscope. 
It has also been found that the axis of entrance con- 
figuration of an endoscope is often not collinear with 
the axis of the bore of the endoscope. Accordingly, if 
the flange of the coupler is rigidly connected and 
aligned with the axis of the entrance end of the endo- 
scope, the accuracy of the alignment of the beam 
down the endoscope bore can be comprised. 

The embodiment shown in Figure 9 is designed 
to overcome the latter problem. In this embodiment, 
the flange 140 is not rigidly connected to the entrance 
142 of the endoscope 144. In contrast, an elastomeric 
ring member 146 is inserted between the flange and 
the entrance 142. The ring 146 provides a seat and 
seal for the coupler while allowing the angle of the 
coupler to vary with respect to the endoscope bore. In 
this manner, the alignment of the coupler is not de- 
pendent on the accuracy of the construction of the en- 
trance end configuration of the endoscope. 

In this embodiment, the alignment of the coupler 
is based solely on the interface between the align- 
ment tube 148 and the inner surface of the endo- 
scope. In the embodiment shown in Figures 9 and 10, 
the alignment tube is provided with a pair of axially 
spaced annuli 150 and 152. These annuli are similar 
in function and structure to the annulus 106 illustrated 
in Figures 5 and 6. The second annulus 1 50 provides 
the extra kinematic support necessary in this config- 
uration where the flange is floating with respect to the 
entrance of the endoscope. If annuli are not desired. 



second annulus 150 and along the tube on either side 
of the annulus. The total length of slots 160 is on the 
order of 0.80 inches. The alignment tube 148 is 2.135 
inches in length. 
5 The elastomeric member 146 would be located at 

the end of the flange as shown in phantom line in Fig- 
ure 10. A suitable elastomeric member would be a 
rubber ring having a cross sectional diameter of 0.3 to 

0. 4 inches and formed from silicone rubber. 

10 A purge gas is typically supplied to the treatment 

site through a fitting on the side of the endoscope (not 
shown). Hole 162 is provided in tube 148 to facilitate 
the flow of the purge gas. 

The concept of using an elastomeric member as 

15 an interface between the flange and the endoscope 
can be extended to mating configurations other than 
the one shown in Figure 9. For example, the ring could 
be used where the entrance end of the endoscope 
has a male conical configuration as shown in Figure 

20 8. A ring and flange structure could also be designed 
for use with the planar mating surface shown in Figure 
5. 

In summary, there has been disclosed a new cou- 
pler for use with medical lasers. The coupler includes 

25 an axially extending tube receivable in the bore of an 
endoscope to improve alignment In addition, a tele- 
scope optical system is disclosed for reducing the 
clipping of the beam at the entrance to the endoscope. 
While the subject invention has been described 

30 with reference to the preferred embodiments, various 
changes and modifications could be made therein, by 
one skilled in the art, without varying from the scope 
and spirit of the subject invention as defined by the ap- 
pended claims. 

35 

Claims 

1. A coupler for use with a medical laser system, 
40 said system including a laser for generating a las- 
er beam and a delivery means, said delivery 
means including an arm connected to the output 
of the laser and an endoscope for insertion into 
the body of a patient, said endoscope having an 

45 axially extending bore through which the laser 
beam is transmitted, said coupler for joining the 
arm to the entrance of the endoscope, said cou- 
pler comprising: 
a body ; 



it would be sufficient to extend the length of the align- so 
ment tube down a greater portion of the endoscope 
bore as shown in Figures 3 and 4. 

Figure 10 is a perspective view of a coupler which 
has been fabricated and tested. As in the embodiment 
of Figures 5 and 6, the annulus 152 is provided with 55 
a plurality of axially extending slots 158 running from 
the end of the tube 148 a distance of about 0.30 in- 
ches. A second set of slots 160 extend through the 



a first focusing element located in said 
body; and 

a second focusing element located in said 
body between said first focusing element and 
said endoscope, with the focal powers of said fo- 
cusing elements being selected such that the di- 
ameter of the laser beam at the entrance to the 
endoscope is less than the inner diameter of the 
bore of the endoscope and with the laser beam 
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being brought to a focus proximate to the op- 
posed end of the endoscope. 



3. A coupler as recited in claim 1 wherein said focus- 
ing elements are lenses. 

4. A coupler for use with a medical laser system, 
said system including a laser for generating a las- 
er beam and a delivery means, said delivery 
means including an arm connected to the output 
of the laser and an endoscope for insertion into 



8. A coupler as recited in claim 4 wherein the en- 
trance end of the endoscope has a female conical 
configuration and wherein the mating surface of 
the flange is provided with a spherical configura- 
tion. 



1 0. A coupler as recited in claim 4 further including an 
elastomeric member located between said flange 
and bearing upon the entrance to the endoscope 



to provide a seat for the flange without substan- 
tially limiting the alignment of the coupler. 

11- A coupler as recited in claim 10 wherein said 
alignment tube includes a pair of axially spaced, 
radially projecting annuli each having an outer di- 
ameter substantially corresponding to the inner 
diameter of the bore of the endoscope. 

w 12. A coupler as recited in claim 1 1 wherein each said 
annulus includes an axial slot providing flexibility 
and allowing some variation in the outer diameter 
of the annulus. 

13. A coupler for use with a medical laser system, 
said system including a laser for generating a las- 
er beam and a delivery means, said delivery 
means including an arm connected to the output 
of the laser and an endoscope for insertion into 
the body of a patient, said endoscope having an 
axially extending bore through which the laser 
beam is transmitted, said coupler for joining the 
arm to the entrance of the endoscope, said cou- 
pler comprising: 

a body, with one end of said body being 
connected to said arm and with the other end of 
said body including an adapter flange, said flange 
further including an axially projecting alignment 
tube receivable within the bore of the endoscope 
through the entrance end thereof, and 

an elastomeric ring located between the 
flange and the entrance to the endoscope to pro- 
vide a seat for the flange without substantially lim- 
iting the alignment of the coupler. 

14. A coupler as recited in claim 13 wherein said 
alignment tube includes a pair of axially spaced, 
radially projecting annuli each having an outer di- 
ameter substantially corresponding to the inner 
diameter of the bore of the endoscope. 

15. A coupler as recited in claim 14 wherein each said 
annulus includes an axial slot providing flexibility 
and allowing some variation in the outer diameter 

45 of the annulus. 

16. A coupler for use with a medical laser system, 
said system including a laserfor generating a las- 
er beam and a delivery means, said delivery 
means including an arm connected to the output 
of the laser and an endoscope for insertion into 
the body of a patient, said endoscope having an 
axially extending bore through which the laser 
beam is transmitted, said coupler for joining the 
arm to the entrance of the endoscope, said cou- 
pler comprising: 

a body, with one end of said body being 
connected to said arm and with the other end of 



2. A coupler as recited in claim 1 wherein said focus- 
ing elements are mirrors. 5 



the body of a patient, said endoscope having an 1 5 
axially extending bore through which the laser 
beam is transmitted, said coupler for joining the 
arm to the entrance of the endoscope, said cou- 
pler comprising: 

a body, with one end of said body being 20 
oonnected to said arm and with the other end of 
said body including an adapter flange configured 
to mate with the entrance of the endoscope, said 
flange further including an axially projecting align- 
ment tube receivable within the bore of the en do- 25 
scope and being dimensioned to axially align the 
coupler with the endoscope. 

5. A coupler as recited in claim 4 wherein said align- 
ment tube includes a radially projecting annulus 30 
having an outer diameter substantially corre- 
sponding to the inner diameter of the bore of the 
endoscope. 

6. A coupler as recited in claim 5 wherein said an- 35 
nulus includes an axial slot providing flexibility 
and allowing some variation in the outer diameter 
of the annulus. 

7. A coupler as recited in claim 4 wherein said align- 40 
ment tube extends substantially along the entire 
length of the endoscope. 



9. A coupler as recited in claim 4 wherein the en- 50 
trance end of the endoscope has a male conical 
configuration and wherein the mating surface of 
the flange is provided with a torroidal configura- 
tion. 
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said body including an adapter flange configured 
to mate with the entrance of the endoscope, said 
flange further including an axially projecting align- 
ment tube receivable within the bore of the endo- 
scope and being dimensioned to axially align the 5 
coupler with the endoscope; 26. 

a first focusing element located in said 
body; and 

a second focusing element located in said 
body between said positive focusing element and 10 
said endoscope, with the focal powers of said fo- 
cusing elements being selected such that the di- 
ameter of the laser beam at the entrance to the 
endoscope is less than the inner diameter of the 
bore of the endoscope and with the laser beam is 
being brought to a focus proximate to the op- 
posed end of the endoscope. 



alignment tube includes a pair of axially spaced, 
radially projecting annuli each having an outer di- 
ameter substantially corresponding to the inner 
diameter of the bore of the endoscope. 

A coupler as recited in claim 25 wherein each said 
annulus includes an axial slot providing flexibility 
and allowing some variation in the outer diameter 
of the annulus. 



17. A coupler as recited in claim 1 6 wherein said fo- 
cusing elements are mirrors. 



20 



18. A coupler as recited in claim 16 wherein said fo- 
cusing elements are lenses. 



19. A coupler as recited in claim 16 wherein said 
alignment tube includes a radially projecting an- 
nulus having an outer diameter substantially cor- 
responding to the inner diameter of the bore of the 
endoscope. 

20. A coupler as recited in claim 19 wherein said an- 
nulus includes an axial slot providing flexibility 
and allowing some variation in the outer diameter 
of the annulus. 

21. A coupler as recited in claim 16 wherein said 
alignment tube extends substantially along the 
entire length of the endoscope. 



25 



30 



35 



22. A coupler as recited in claim 16 wherein the en- 
trance end of the endoscope has a female conical 
configuration and wherein the mating surface of 
the flange is provided with a spherical configura- 
tion. 

23. A coupler as recited in claim 16 wherein the en- 
trance end of the endoscope has a male conical 
configuration and wherein the mating surface of 
the flan g e is provided with a torroidal configura- 
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24. A coupler as recited in claim 16 further including 
an elastomeric member located between said 
flange and bearing upon the entrance to the en- 
doscope to provide a seat for the flange without 
substantially limiting the alignment of the coupler. 
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25. A coupler as recited in claim 24 wherein said 
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